A DNA nicking-closing enzyme has been purified from the nuclei of mouse L cells to 90%/ homogeneity. The denatured and reduced form of the enzyme has a molecular weight of 68,000 which is in agreement with the molecular weight of the native enzyme as determined by gel filtration and by sucrose sedimentation velocity assuming the protein is globular. Therefore, the active form of the enzyme is a mxnopolypeptide. Its isoelectric point is pH 4.2 + 0.2. The nicking-closing activity does not require a cofactor and does not involve any sulfhydryl group. The enzyme requires 0.2 M NaCl and pH in the range of 6.5-7.5 for optimal activity.
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INRBODUCrION
Torsional stress in the 1DNA duplex may be relieved by a process of nicking, swivelling, and resealing the DNA. This overall process can be catalyzed by one protein, the DNA nicking-closing enzyme. A nicked interme'diate with the enzyme covalently attached has been shown to occur in the reaction catalyzed by the rat liver enzyme (1, 2) . Although closed circular 1IA has been used to assay for the nicking-closing activity, supercoiling of the substrate has been shown not to be required for activity of the mouse enzyme (3) . By inference, torsional stress in both linear and closed circular DtMA may be relieved by the same enzyme.
The nicking-closing activity appears to be ubiquitous in nature. It was first denstrated in E. coli (4) and subsequently in eukaryotes such as rat liver (5) , human KB cells (6) , fertilized Drosophila eggs (7) , calf thymus (8) , Hela and mouse L cells (9, 10) , and recently, in vaccinia virus (11) . Nicking-closing enzymes have been purified from rat liver cells and human KB cells. By studying the sedimentation of the native proteins and the gel electrophoresis of the SDS denatured proteins, these two enzymes were shown to be single polypeptides with molecular weights of 66,000 (12) and 60,000 (6) respectively. By contrast, other studies indicated that the mouse enzyme consisted of two similar subunits each with a molecular weight of about 37,000 (9) ; later studies suggested that both the mouse and HeLa enzymes were either histone Hi or samehow tightly associated with it (10, 13) . I show here that the mouse enzyme is not similar to histone Hi, that it is a rather acidic protein, and that its molecular weight (68,000) is similar to that of the rat liver and the human KB cell enzymes.
MTERIALS AND NEIHODS
PM2 DNA I and PM2 3H DNA I, prepared as in Espejo and Canelo (14) Nicking-Closing Enzyme Assay The assay, which is similar to that previously described (6, 11) , is based on the decreased uptake of ethidiun brcnide by closed circular DIA when the number of superhelical tums is decreased by enzyme activity. There is a corresponding increase in the electrophoretic nubility of DIA IT. The 
SDS-Polyacrylamide Gel Electrophoresis
Protein samples were denatured and reduced in Laemli "sample buffers" and electrophoresed in a 10%/ Laenli slab gel (18 were present in all gradients and included plasminogen, BSA, and ovalbumin. 84 p1 fractions were collected at 4°.
RESULTS

Purification of DNA Nicking-Closing 1
All steps were performed at 0-40. They are summarized in Table I .
Isolation of Nuclei and Preparation of Extract
IA9 cell nuclei were prepared as in Vosberg and Vinograd (10) except for two modifications: firstly, 0.1 nM PNSF was present in all buffers; secondly, cells were swollen and hanogenized in 1 mM CaCl2 which resulted in a higher yield of intact nuclei. 100 ml of packed nuclei were isolated fran 128 g of LA9 cells.
The nuclei were resuspended in 360 ml of 0. 3) was applied to the colunm, and the activity was eluted in 7.4 ml (Fraction IV). Sephadex G-150 Chromatography 2 6.5 ml of Fraction IV was filtered through a 4.9 an x 80 an column of Sephadex G-150 equilibrated with 0.2 M KC1, 20 mM potassium phosphate (pH7.3), 0.1 mM PNSF (Fig. 2) . Fractions of 6.5 ml were collected. The colun was equilibrated by fractionating a mixture of dextran blue, 125I plasminogen, conalbumin, BSA, and ovalbumin. The activity eluted from fraction 34 to 37. These fractions were made 1 M NaCl, 10% glycerol, and stored at -20°until needed (Fraction V). In 1 M NaCl at 40, Fraction V was stable for 1 mnnth. At -20°and in 1 M NaCl and 10% glycerol, Fraction V retained at least 80%/ of its activity over 7 nnths. HeLa 1myme Preparation 125I plasminogen (1), conalbumin (2) , BSA (3), and ovalbumin (4). The included volume was 263 ml.
nicking-closing enzyne purified through the hydroxylapatite A step (Fraction III). The elution profile of the hydroxylapatite step was very similar to that observed with the enzyme frmn IA9, and the activity also eluted between 0.47 and 0.56 M potassiun phosphate (pH 7.3).
Requirements for Activity
The optimal KC1 or NaCl concentratimn for activity was 0.2 M. No sharp pH dependence was foud; rather, a range of pH 6.5-7.5 gave optimal activity. At the standard assay NaCl concentration of 0.2 M, no nuclease activity could be detected. No nuclease activity could be detected on lowering the NaCl to 0. 04 M and adding MgC12 to 4 mM.
As shawn in Table II , N-ethylmaleimide, a specific sulfhydryl reagent, did not inhibit the enzyme, and 2-mercaptoethanol did not stimulate the activity. When 2-mercaptoethanol was anitted throughout the purification an equivalent yield of activity was obtained at Fraction V.
p-(Hydroxymercuri)-benzoate did inhibit campletely at 0.4 rM. At this concentration, this reagent reacts with other amino acid side chains in addition to SH; presunably, sane such reaction caused the inhibition.
No cofactor was necessary for Fraction V. A boiled aliquot of Fraction I, wien added to Fraction V, did not stimulate the activity. to 37 fran Sephadex -S150 filtration were purified further by isoelectric focusing. Up to 280 pl containing 2.8 x 104 units fran each fraction were spin dialyzed twice to reduce the salt to less than 5 iM. The dialysate was mixed imnediately with sucrose, pH 3-5 ampholines and Triton X-100, and focused for 13 hours as in "Materials and Methods". After focusing, the tube was puctured at the bottom and 50 p1 fractions were collected. Aliquots were diluted with enzyme dilution buffer containing 0.1% Triton, and assayed for nicking-closing activity. The most active fractions were dialyzed against 1 M NaCl to reve arnpholines (see 'TMaterials and Methods"), and then iodinated for SDS-polyacrylamide gel electrophoresis. The activity recovered after spin dialyzing the enzyn was 50%, and fran spin dialyzing and focusing 12%. 0.1% Triton increased the recovery of activity from focusing by approximately two-fold. Insufficient protein was present to allow quantitation by either the Lowry or the fluorascamine method. The nicking-closing enzyme focused at pH 4.0-4.7 in wide range focusing (not shown). This isoelectric range was obtained with the anode either at the top electrophoresis tank or at the bottam tank; in either case, the enzyne was required to migrate toward its pI. In the narrow range focusing (Fig. 3 ) the isoelectric point was determined to be pH 4.2 + 0.2 at 4°. The isoelectric point was not altered by 0.1% Triton.
Molecular Weight and Purity
The pool of active fractions frmn isoelectric focusing was examined by slab SDS-polyacrylamide gel electrophoresis. Since no bands were detectable by Coamassie blue staining, the material was iodinated before electrophoresis. Autoradiography of the slab gel revealed a single major protein band canprising 907% of the iodinated proteins. As shown in Fig. 4, isoelectric focusing of two different active fractions of Sephadex G-150 filtrate yielded an identical major band which ccmigrated with BSA. Chanel a resulted fran the focusing of the active Sephadex fraction 34; chamnel b resulted fran the focusing of the active fraction 37. Since the molecular weights of the minor bands were different in focusing different Sephadex fractions, and since the specific activity of the enzym was similar in both cases, the major band was taken to be the nicking-closing enzyre. Migration in the same slab gel of iodinated marker proteins allowed an estimate of 68,000 for the naolecular weight of the denatured and reduced enzyme (Fig. 5) same estimate was obtained in 7.5/7 and 107/ gels.
The molecular weight of the native enzyme was estimated by Sephadex gel filtration (22) and sucrose velocity sedimentation (23) . The elution volume of the nicking-closing activity in reference to marker proteins (Fig. 2) allowed a calculation of the Kav which was consistent with a molecular weight of 72,000 for a globular protein. In sucrose gradient sedimentation (Fig. 6) , the activity moved slightly behind BSA, and had a sedimantation coefficient of 4.1s. If one assumes that the enzyre and the markers are spherical, and applies the equation (23) (Ml/N2) = (Sl/S2)3/2 one calculates a molecular weight of 61,000 for the enzyme. These two estimates for the native protein together with the SDS gel molecular weight indicate that the native enzyme is a mnnopolypeptide.
Removal of Histone Hl Contamination
No histone Hl was detected after isoelectric focusing, unlike the nicking-closing activity reported by Vosberg and Vinograd (10 proteins, the two preparations of Fraction III were ccmpared. Fig. 7 conpares the SDS polyacrylamide gels of the active pools frcm hydroxylapatite A (Fig. 1) . Channel a corresponds to the preparation obtained after a 25 min PEG precipitation. This preparation, after a DEAE cellulose colum and a further hydroxylapatite colum, would lead to the major HI band reported by Vosberg and Vinograd (10, 13 (24) , and HeLa RNA polymerase II a pI of 4.7 (25) .
Assuming that the proteins of Fraction V have an average molecular weight of 70,000, the activity observed (Table I) By physical methods, the mouse nicking-closing enzyme is shown to be a monopolypeptide with a molecular weight of 68,000. This is in good agreent with the molecular weights of 60,000 (6) and 66,000 (12) 
